Abstract Conflicting study results with regards to racial/ ethnic disparities in chemotherapy use among breast cancer patients may be due to the different sample populations, treatment data sources, and treatment eligibility definitions used. This study examined chemotherapy disparity in the context of changing treatment guidelines and explored factors that may help explain treatment differences observed. The data come from a population-based study that included interview and medical record data (including state cancer registry) from non-Hispanic (nH) White, nH Black, and Hispanic breast cancer patients diagnosed in [2005][2006][2007][2008]. Logistic regression using model-based standardization was used to estimate age-adjusted risk differences and multivariate analysis was conducted to identify explanatory factors of the differences. Per the 2005/2006 National Comprehensive Cancer Network (NCCN) guidelines, minority patients appeared more likely than nH White patients to receive a chemotherapy recommendation (0.87 vs 0.75, p = 0.003). When eligibility was determined per the 2007 guidelines, there was no disparity because under these guidelines, nH White patients were more likely than minority patients to have tumors that no longer required chemotherapy. There was evidence that chemotherapy advances for breast cancer patients are implemented in the clinical setting well ahead of NCCN guidelines. Finally, among eligible patients, chemotherapy recommendation was very high and virtually always accepted and received, with no disparities found at these points of clinical care. The findings suggest that an evaluation of guideline-adherent chemotherapy treatment patterns must carefully consider the definition of treatment eligibility, given ongoing changes in treatment guidelines and early uptake of new diagnostic tools and treatments.
Introduction
The racial/ethnic disparity in breast cancer mortality may be due, in part to, differences in chemotherapy use [1] . However, it is not entirely clear if there are racial/ethnic disparities in chemotherapy use. Some studies have found that nonHispanic (nH) Black patients were less likely than nH White patients to receive chemotherapy [2, 3] while others have not found such a disparity [4] [5] [6] . In addition, while a recent study revealed that Hispanic women were more likely to receive adjuvant chemotherapy than White women [5] , two other studies did not find Hispanic:nH White differences [2, 6] . These conflicting results may be due to the different sample populations (e.g., hospital-or population-based, treatment eligible) and treatment data sources [e.g., medical records (MRs), cancer registry, self-report] used. Furthermore, chemotherapy guidelines have changed dramatically over the last several years and so require attention when estimating treatment underuse. For example, the 2007 guidelines no longer strongly recommend chemotherapy for patients with some lower risk tumors. Including these patients in the chemotherapy-eligible denominator would underestimate the prevalence of guideline-adherent chemotherapy use. Moreover, because nH White patients tend to have lower risk tumors than minority patients [7] , they are now also less likely to require chemotherapy. Therefore, attention to the denominator of treatment-eligible patients is required in order to accurately assess racial/ethnic disparities in chemotherapy underuse.
In order to better understand how changes in the treatment guidelines can influence the chemotherapy prevalence observed, this study aimed to: (1) examine chemotherapy treatment recommendation by treatment-eligibility status per 2005/2006 and 2007 guidelines; (2) estimate racial/ ethnic-specific rates of guideline-adherent chemotherapy recommendation, acceptance, and initiation in context of the changing treatment guidelines; (3) explore factors that may help explain any differences in treatment observed.
Methods
The primary data came from a population-based study that included 411 African American, 397 nH White, and 181 Hispanic female patients living in Chicago, age 30-79 years, who were diagnosed with first in situ or invasive primary breast cancer in [2005] [2006] [2007] [2008] . The Illinois State Cancer Registry (ISCR) identified patients for this population-based study through monthly case-findings activities carried out across 56 hospitals in the Chicago region. Face-to-face interviews were conducted (in Spanish or English) a median of 3.5 months post-diagnosis. Patients were interviewed on a wide range of topics including psychosocial, health care access, and treatment factors. Most patients (87 %) also consented to MR abstraction, including linkage with the ISCR. More information on the parent study can be found elsewhere [8] .
At interview, patients were asked a series of yes/no questions: ''Were you offered chemotherapy as part of the treatment plan, or has a doctor suggested that you need it?; If yes, have you agreed to have chemotherapy?; If yes, have you begun chemotherapy yet?'' The MR and ISCR data sources also provided information on chemotherapy recommendation, acceptance, and initiation. Treatment recommendation was coded ''yes'' if there was evidence of a recommendation in any data source; otherwise, recommendation was coded ''no'' if there was evidence of no recommendation in any data source. Treatment acceptance and initiation variables were similarly coded.
The National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines were used to determine chemotherapy eligibility because they are evidence-based and widely used by clinicians and patients to make informed treatment decisions.
Logistic regression using model-based standardization (predictive margins) was employed to estimate age-adjusted racial/ethnic risk differences [9, 10] . Multivariate logistic regression was employed to examine factors that may explain differences in chemotherapy recommendation. Analyses were performed with Stata 12 (Stata Corp., College Station, TX) and SAS 9.2 (SAS Institute, Cary, NC). Twosided tests were used to determine statistical significance.
Results

Chemotherapy recommendation by treatment-eligibility status
The 2005/2006 NCCN guidelines strongly recommended chemotherapy for patients with Stage I-II tumors that contained axillary lymph node metastases or for node-negative tumors with primary tumor classification of T1c-T3 ([1 cm in size). All patients with Stage III cancer should have been offered chemotherapy. However, the 2007 guidelines changed for a subset of patients with large ([1 cm) node-negative tumors. Specifically, chemotherapy became discretionary for patients with ER/PR-positive but HER2-negative tumors. Table 1 shows that when the 2005/2006 guidelines were used to identify chemotherapy-eligible patients, 425 patients were deemed eligible. However, per the 2007 guidelines, only 261 patients remained eligible. Due to missing HER2 status, the chemotherapy-eligibility status became unknown for 55 patients. For the remaining 109 patients, chemotherapy became discretionary.
A closer look at chemotherapy recommendation by tumor characteristics and year of diagnosis revealed an interesting pattern. Among patients who remained chemotherapy eligible under both sets of guidelines (e.g., node-positive), treatment recommendation was consistently high (83-100 %). Conversely, when a patient's eligibility became discretionary or could not be determined due to changes in the guidelines (e.g., ER/PR-positive and HER2-negative status), treatment recommendation was consistently lower (44-68 %) during all 3 years.
Racial/ethnic-specific estimates of chemotherapy recommendation, acceptance, and initiation Table 2 presents chemotherapy recommendation, acceptance, and initiation by race/ethnicity. Among patients eligible for chemotherapy per the 2005/2006 guidelines, minority patients were more likely than nH White patients to receive a recommendation (0.87 vs 0.75, RD = 0.12, p = 0.003). Treatment acceptance and initiation were high and no racial/ethnic differences were noted.
Interestingly, when eligibility was determined per the 2007 guidelines, no racial/ethnic differences in recommendation were observed because under the 2007 guidelines only 54 % of nH White patients remained chemotherapy eligible as compared to 65 % of minority patients. Once chemotherapy was recommended, virtually all accepted and initiated treatment.
Finally, among the 109 patients for whom chemotherapy became discretionary (i.e., [1 cm tumor, node-negative, ER/PR-positive, and HER2-negative status), minority patients appear to be more likely than nH White patients to have been offered chemotherapy (0.62 vs 0.41, RD = 0.21, p = 0.022). Additionally, among patients who received a recommendation, one in four patients refused treatment. nH White patients were somewhat more likely to do so than minority patients. However, nH White patients were more likely than minority patients to initiate treatment.
Explaining the racial/ethnic differences in discretionary chemotherapy recommendation It was suspected that the racial/ethnic difference in discretionary chemotherapy recommendation would be largely explained by tumor differences. Indeed, the Table 3) .
Discussion
Breast cancer treatment is constantly advancing and guidelines must integrate the new evidence on effective treatments [11] . This study sought to examine chemotherapy treatment pattern in the context of changing guidelines. We made four important observations. First, among patients diagnosed in 2005-2008, the association observed between race/ethnicity and treatment recommendation differed depending on which guideline was used to determine chemotherapy eligibility. Under the 2005/2006 NCCN guidelines, eligible minority patients appeared more likely than eligible nH White patients to be recommended chemotherapy (0.87 vs 0.75, RD = 0.12, p = 0.003). However, when eligibility was determined per the 2007 guidelines, chemotherapy recommendation was higher and there was no racial/ethnic difference because under these guidelines, chemotherapy became discretionary for patients with[1 cm node-negative tumors that were ER/ PR-positive but HER2-negative. nH White patients were more likely than minority patients to have such tumors. Second, among patients for whom chemotherapy became discretionary, minority patients were more likely than nH White patients to receive a recommendation (0.62 vs 0.41, RD = 0.21, p = 0.022). However, this was largely explained by the fact that larger and higher grade tumors were more common in minority patients. Patients with such unfavorable tumor characteristics generally receive more aggressive treatment [12, 13] and so it appears that minority patients were not necessarily ''over-treated'' or that nH White patients were ''under-treated.'' Third, once chemotherapy was offered, virtually all chemotherapy-eligible patients accepted and received treatment, and thus no disparities were found at this point in clinical care.
Fourth, our study results suggest an early implementation of NCCN guidelines. Consider that the treatment patterns observed among patients for whom chemotherapy became discretionary ([1 cm node-negative tumors with ER/PR-positive but HER2-negative status). Throughout the three main years of the study (2005) (2006) (2007) , treatment recommendation in these patients remained low and constant (44-56 %). Clinicians seemingly changed their treatment patterns well ahead of the 2007 guidelines. Also, the role of 21-gene recurrence score (RS) testing cannot be ignored. RS testing predicts the rate of recurrence for breast cancer patients with early stage tumors that are ER-positive and node-negative [14] . Patients are recommended chemotherapy if their tumors are ER-positive but node-negative and have either a high RS (C31) or RS testing was not done. Chemotherapy is considered optional or not recommended if they have an intermediate or low score, respectively. While RS testing was not introduced into the NCCN guidelines until 2008 [15] , it was included in the 2007 American Society of Clinical Oncology treatment guidelines [16] . Also, studies show that RS testing was employed in various institutions (e.g., cancer centers, academic hospitals, inner-city hospitals) across the country as early as 2005 [13, [17] [18] [19] [20] . An increase in the use of RS testing has resulted in a reduction of chemotherapy among early stage ER-positive patients [13, 18, 19] . Our study population came from Chicago, home to two NCI-designated cancer centers as well as several academic and community cancer centers. Therefore, it is likely that RS testing was implemented on some level during the study period. This provides further indirect evidence that, among patients for whom chemotherapy became discretionary, minority patients were not necessarily more likely than nH White patients to be over-treated as they had tumors with characteristics often associated with higher RS scores, thus making them treatment eligible [20] [21] [22] [23] . Conversely, nH White breast cancer patients have tumors with more favorable features usually associated with lower RS scores, thus making them less likely to require chemotherapy [24] . We assessed chemotherapy recommendation only among patients for whom treatment was strongly recommended because we were primarily concerned with treatment underuse. A number of prior studies adjusted their models to include tumor characteristics rather than restricting their sample to treatment-eligible patients, thereby including data from non-eligible patients in their estimates of adjuvant treatment [5, 25, 26] . Other studies that restricted their sample to treatment-eligible patients were conducted during a period when guidelines did not change [2, 3, 6] . One study that was conducted during a transition in guidelines incorporated changes in guidelines into their definition of treatment eligibility [27] ; in doing so, it was not possible to examine the effect of guideline changes on observed associations.
Our findings can be compared to that of Neugut et al. [4] who examined chemotherapy non-initiation among patients diagnosed between 2006 and 2010. While they used the 2006 NCCN guidelines to determined treatment eligibility, they acknowledged the change in treatment recommendations during their study period and included year of diagnosis in the multivariate model as part of a sensitivity analysis. They did not report a racial/ethnic disparity among patients for whom treatment was clearly indicated. However, they did find that patients with HER2-negative tumors were less likely than those with HER2-positive tumors to receive chemotherapy. This may have been because under more recent guidelines, some of these patients would actually be ineligible for chemotherapy. In a population-based study of breast cancer patients diagnosed between 2005 and 2007, Griggs et al. [5] found that compared to nH White patients, Hispanic patients were more likely to receive chemotherapy. While their results were adjusted for stage, grade, and ER/PR-receptor status, they did not adjust for HER2 status. The authors acknowledged that the absence of HER2 status limited their ability to adequately explain their findings.
This study has some limitations. For instance, given our small sample of Hispanic patients, we could not adequately assess differences across the three racial/ethnic groups. However, we did not find any differences between Hispanic and nH Black patients in terms of surgery type, tumor size, grade, node-status, ER/PR-status, and chemotherapy recommendation. Therefore, the results would probably not differ between Hispanic and nH Black patients. In addition, we did not have detailed information on chemotherapy quality so we cannot address possible disparities in treatment quality or completion as others have shown [28, 29] . Finally, the interview response rate was 56 % (proportion interviewed among total estimated eligible sample) and so selection bias cannot be ruled out.
Our study has strengths worth noting. First, by using a sociodemographically diverse sample of patients from a population-based study, our findings may be generalizable to an urban population of US breast cancer patients. Second, unlike many studies which use administrative datasets, we had access to self-reported race/ethnicity and so there was no concern about misclassification. Finally, we used self-reports, MRs, and cancer registry information to ascertain chemotherapy treatment. Therefore, the possibility of treatment underascertainment is low.
Conclusion
In summary, our study findings suggest that an evaluation of guideline-adherent chemotherapy patterns, including the assessment of racial/ethnic disparities, must carefully consider how to best define treatment eligibility given the ongoing changes in treatment guidelines and the advent of more personalized medicine [30] . We must also remain vigilant about possible disparities in the uptake of new chemotherapy advances. For instance, some have already noted that among eligible patients, RS testing was lower for nH Black patients, lower educated patients, and patients of public or community hospitals [17, 20] . If not all patients are benefitting equally from improved diagnostic testing, disparities in outcomes and quality of life may result.
